One of the resource-saving methods of drying, from the point of view of preserving food and biological value, providing the appropriate recovery properties of dried food products (DFP) and energy intensity of the process, is drying with mixed heat supply (MHS drying).
Introduction
The main problematic positions of the efficiency of the functioning of the processing, food and restaurant industry institutions in the modern market conditions of Ukraine are: rational use of food raw materials and secondary products, efficient use of energy, human and financial resources, targeting consumers' needs, and creating state food stocks and for the diet of a special consumer contingent (geologists, military, climbers, fishermen, athletes).
Simultaneous analysis and solution of these problems allows to form the directions of attraction to technological flows of dried food products (DFP), which, from a physiological point of view, is a concentrate of all nutrients necessary for the human body, and with technological, semi-finished products of high degree of readiness.
In Ukraine there are several enterprises for the production of dried products. However, the volumes of their production and the range of products are slightly involved in the technological flows of the food industry and restaurants. In addition, the proposed methods of drying are energy-intensive and long-lasting, the technological properties of the final product do not always allow it to be widely used in food technology, and their functional and technological potential has not been sufficiently studied.
In this regard, the scientific concept of the work has been defined: the qualitative indicators of DFP -hydration, fat-loss, emulsifying ability, and the number of aroma-formed during drying, are determined by physicochemical and colloidal properties. It is the basis for improving and developing innovative technologies, expanding the assortment of food products allows adapt technologies for various production conditions (food industry enterprises, restaurant facilities, including bistro, as well as household and
The formation of the listed DFP qualitative indicators is determined to a certain extent, primarily by the way of dehydration of food raw materials. As the most innovative component of these methods, it is necessary to choose thermal drying as the most common in the food industry. Now, the most promising methods of drying are methods of sublimation with cryodestruction, cold sawing and with mixed heat and moisture drying (MHS drying). These methods make it possible to obtain products with attractive organoleptic characteristics while maintaining high functional and technological properties. However, the first two methods of drying require the use of special equipment and significant energy costs. Of all the currently known methods, MHS drying [1] [2] [3] is considered to be energetically effective.
In addition to energy efficiency, this method is a definite approximation to freeze-drying, and, from the point of view of thermal effects on food raw materials, it is the most patchy. Therefore, based on the formulated concept during the research, only powders obtained by two methods of thermal drying were compared: MHS and the convective one.
The aim of research is studying the dependence of the formation of DFP quality indicators on the method and regimes of MHS drying, which will allow to optimize the formulation of products using these plant powders. In accordance with the purpose, the objectives of the study are:
-to study the influence of MHS drying regimes on the transformation of biopolymers and aromatizing substances of DFP (on the example of cabbage)
-to carry out a study of the existing capillary-porous structure of cereals from cabbage.
Materials and Methods
As the subject of research for the formation of quality indicators of cereals, cabbage is chosen as an example. This culture is characterized by high yield and at the same time has a low storage capacity. The production of powders from cabbage allows not only to preserve it as a component of the diet, but also contributes to the formation of an assortment of traditional products, their functional and technological properties. According to the results of their previous studies, it is established that the powders made from cabbage, regardless of the method of their production, have high regradation properties not only in the aqueous phase, but also in solutions of sodium chloride and sucrose, which are traditionally used in the production of food products [4] .
Food Science and Technology
To assess the ability to crystallize the DFP polysaccharides, a diffractometer of the DRON-3M type of Burevestnik (Russia) was used in the CuKα emission (nickel filter), U=30 kV, I=mA, ∆2ᶿ=0.04, τ=3 s.
The IR spectra of the disturbed total internal reflection were recorded for DFP grated powdered samples, the optical element was diamond, and the angle of the incident ray was θ=45°. The range is 4000...400 m 2 , the number of scans was 128, the resolution was 0.04 m. The background was recorded with respect to the optical element without a sample.
The depth of penetration of infrared radiation into the sample (d e ) as a function of the radiation wavelength (λ) was calculated by the formula1:
where n s -the refractive index of light by the sample; n o -an optical element.
The aroma number (AN) of the DFP was determined by an original technique based on the titrimetric method. The essence of the method lies in the fact that during the interaction of essential oils with the chromium mixture, their oxidation takes place due to oxygen, it releases potassium dichromate K 2 Cr 2 О 7 :
The sorption properties were determined by the tensometric method. For this, a sample of the material was transferred to a desiccator with a solution of sulfuric acid in an amount of 100 cm 3 (acid concentrations: 50, 43, 38, 33, 27, 21, 17 and 11 %). The material sample was weighed until its mass became constant. This indicates the attainment of an equilibrium state, corresponding to the corresponding equilibrium moisture content of the sample.
Results
The ability to absorb moisture, according to the concept of work, is the main DFP qualitative characteristics. Wetted hygroscopic surface is characterized not only by the chemical composition, but also by the structural state of the substance of this surface. As a result of drying processes, the powder particles contain soluble and insoluble compounds on the surface.
Analysis of polysaccharides, which is in a significant amount in cabbage, and accordingly form a crystalline phase on the surface of the powder particles during drying and, first of all, determine its hygroscopicity, conducted X-ray structural studies (Fig. 1) . Fig. 1 . DFP diffractograms made from MHS drying cabbage (1) and convection drying (2) а б І н те р вал к у т ів в ід б и тт я ,°І нт ер в ал ку т ів в і д би тт я,°В і дн ос на ін те н си вні с ть р е н тг ен ів с ь к ог о в ід б и тт я В і д н о сн а і нте нс ив н і ст ь р е нт г ені в сь ко го в ід б ит т я The character of the diffractogram curves ( Fig. 1) indicates that cabbage powders obtained by convection and MHS drying methods exhibit a partially ordered structure due to the presence of polysaccharide crystals. Their macromolecules are able to rotate the plane of polarization of light rays and form double helices [5] [6] [7] .
Curve 1 in Fig. 1 has a high degree of crystallinity of polysaccharides, which indicates a smaller conversion of the components of the raw material in the case of superficial MHS drying conditions compared with convective conditions.
The effect of MHS drying temperature regimes on the formation of rehydration properties of the cabbage samples under study was determined by the method of recording IR spectra with Fourier transform - Fig. 2 . To study the effect of drying regimes, fresh cabbage (as a control) was used as test samples, cabbage powders obtained by MHS drying at 50 and 70 °C, and the powder was reduced.
The selected temperature of MHS drying is based on the fact that at temperatures below 50 °C, the drying process grows and this requires considerable energy costs; above 70 °C, the natural micro-nutrients of the raw materials are destroyed and the organoleptic and functional-technological properties deteriorate. From the results (Fig. 2) , it is visible, that the maintenance of free moisture in initial cabbage is high. This is indicated by an intense maximum at 3300 cm -1 , corresponding to stretching vibrations of О-Н (n(ОН)) bonds in water molecules connected by hydrogen bonds. The band at 1640 cm ). MHS drying of cabbage at 50 °C (Fig. 2) leads to a significant decrease in the intensity of all bands characterizing the state of the water phase. In this case, the "combined" water band (δ+n L ) at 2030 cm -1 disappears completely. The decrease in the intensity of the water bands leads to the fact that the bands of organic fragments in the spectrum are much better, and the structure of the bands in the range 1200...1500 cm -1 undergoes changes. This can indicate both possible chemical transformations with organic groups, and a change in their structural environment (hydration/dehydration).
The spectrum of cabbage dried at 70 °C (Fig. 2) is practically identical to the spectrum of a cabbage sample obtained at 50 °C both from the intensity of the absorption bands of water and from the shape of bands of organic components. Thus, the use of temperatures of more than 50 °C in the case of MHS drying for this DFP is not advisable. The cabbage spectrum obtained after rehydration of the dried at 50 °C sample is very close to the spectrum of fresh cabbage: the bands of organic groups in the ranges 2800...3000 and 900...1500 cm -1 in these spectra are completely identical. So, the "drying-rehydration" cycle does not lead to profound irreversible chemical transformations with these groups, which could be detected by IR spectroscopy. Almost identical (both in position and in intensity) there are absorption bands of the water phase at 3300, 1640 and 800-400 cm -1 . However, the spectrum of rehydrated cabbage powder has some differences compared to the fresh cabbage spectrum: there is no "combined" water band (δ+n L ) at 2030 cm -1 , the intensity of the carbonyl group band n(С=О) at 1740 cm -1 in it much less compared to both the spectrum of dried and fresh cabbage.
According to [9] , the presence of a "combined" maximum at 2030 cm -1 is a sign of the presence of large clusters of an aqueous phase not connected with other substances. The absence of this band in the spectrum of rehydrated cabbage (in the presence of all other high-intensity bands) is a sign that upon rehydration the aqueous phase fills the developed pores with formation during MHS drying and binds to the organic substances of cabbage. The decrease in the band of carbonyl groups, has a significant intensity in the spectra of both dried and initial cabbage, may be due to the interaction of these groups (for example, groups of carboxylic anhydrides, lactones, etc.) with a solvent. So, the cycle "drying-rehydration" leads to an increase in the availability of organic matter of cabbage in relation to water, which may have a perspective, for example, for extracting organic substances from cabbage during its further processing.
The obtained results indicate that MHS drying promotes the maximum preservation of the native properties of the constituents of the feedstock and the formation of a capillary-porous structure in the powder particles, which allows increasing the amount of adsorption-bound moisture during their reduction. In the restored powder, the reflection value, characterizing the strong adsorption bonds of the powder components with water, is 1.8-2.0 times lower in comparison with the initial raw material.
The depth of changes in the product during drying leads to appropriate changes in the equilibrium of some chemical compounds, including those that cause the odor of the recovered raw materials and are determined by the amount of flavor. In Fig. 3 , the quantitative content of the aromatic substances of the test samples is given. Fig. 3 . The number of fragrance samples made from cabbage: 1 -fresh; 2 -convective drying powder; 3 -convective drying powder reduced in water; 4 -MHS drying powder at 50 °C; 5 -MHS drying powder at 70 °С; 6 -MHS drying powder reduced in water at 50 °C; 7 -MHS drying powder reduced in water at 70 °C Analysis of the histograms (Fig. 3) indicates that, after drying, the content of aroma-forming substances in 100 g of powder is greater in MHS drying than in convective. This is due to the reduction of the thermal action of the coolant on the raw materials during MHS drying, which slows the chemical transformations and the destruction of flavoring substances. After the reduction of powders obtained by the MHS drying method, regardless of the drying temperature, the amount of aroma is 1.4 times higher than the corresponding index of convective drying. The higher the Food Science and Technology value of the aroma number, the higher the score for the organoleptic evaluation of products, which includes the powder of cabbage.
General trends and obtained results of studies of the aroma number of DFP made from cabbage are correlated and confirmed by IR spectroscopy.
The ability of DFP to dehydrate during drying and rehydration in the process and during storage is due to the binding and content of water molecules by functional groups and a capillary-porous structure. Therefore, a measurement of the pore size by the strain gauge method has been carried out. In Fig. 4 , experimental isotherms of sorption-desorption of cereals from cabbage are given. a b Fig. 4 . Isotherms of sorption-desorption of powder made from: a -MHS drying cabbage; b -convective drying method; curves 1 and 2 -isotherms of sorption and desorption of cabbage powder obtained at t=50 °С; curves 3 and 4 -isotherms of sorption and desorption of cabbage powder obtained at t=70 °C; curves 5 and 6 -isotherms of sorption and desorption of cabbage powder of convective drying
The approximating function of the sorption-desorption isotherms (tensometry) can be described by the equation (2):
where A, n -the coefficients determined from the experimental data associated with the parameters of the differential pore distribution function (DPDF) in radii; φ -relative air humidity, %; W -moisture content, kg/kg. The distribution of pores along the radii of cereals from cabbage is given in Table 1 . Reports on research projects (2018), «EUREKA: Life Sciences» Number 4
As can be seen from Fig. 4 and Table 1 , the differential distribution function of the porous (DPDF) of DFP, obtained by traditional convective and MHS drying, has a fundamentally different character [10] . It is found that with the first method of drying due to shrinkage during dehydration, the changes during sorption and desorption are insignificant. When MHS drying, such changes are clearly pronounced: during the sorption of fumes, DFP is well restored, the capillaries swell, so the DPDF expands. The average radius of the DFP capillaries obtained by MHS drying increases 4...6 times.
DPDF data indicate the formation of an artificial fine-mesh structure of the powder in the process of MHS drying -the most probable radius of the capillaries is greater than when convective drying.
It is proved that the existing structure of vegetable powders by MHS drying is characterized by fine pores at a temperature of MHS drying of 50 °С and a larger size of 1,2...1,5 times -70 °С.
The results of researches testify that application of method MHS drying at 50 °С more rational as allows to receive the developed capillary-porous structure and to generate the set functional and technological properties (especially rehydration) of a powder.
Conclusions
1. X-ray diffraction analysis has shown that under rational MHS drying regimes, a more porous structure of DFP is formed from cabbage, in contrast to the compacted samples with the crystalline structure of the polysaccharides of the convective process.
2. The water-retaining capacity of powders made from MHS drying cabbage is determined by means of infrared spectra in the scanning range of 500-4000 cm -1 . Comparing the intensity of the IR spectra of the bands of O-H bonds in the region of deformation vibrations of 3300 cm -1 and 1640 cm -1 , it was determined that the amount of knitted moisture in MHS drying powders after reduction is only ~ 2 times less than the initial raw material.
3. The dependence of the method and the drying regimes of the powder, allowing the most complete preservation of aroma-forming substances, are established from the cabbage aroma by the number of DFP aromas.
4. It is proved that as a result of shrinkage during dehydration, which takes place in the convective drying of cereals from cabbage, the changes in sorption and desorption are insignificant. When MHS drying in the process of vapor sorption, DFP is well restored, the capillaries swell, so the DPDF expands, the average radius of the capillaries increases, which proves their improved technological properties.
The practical value of the data lies in the possibility of modeling the formulation composition and optimizing technological parameters for the production of food products using powdered cabbage.
The obtained results characterize the formation of porous structure and rehydration in powder from cabbage. In the case of applying MHS drying at a temperature of 50 °C, these regularities require additional refinement.
The complex of researches of qualitative indicators of DFP made from cabbage will be used for mathematical modeling of the complex index of functional and technological properties depending on the MHS drying regimes and the dispersion of powder particles.
